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□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 
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□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 and/or 55.3). 
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in the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
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V Reasoned statement 

1 Reference is made to the following documents: 

D1 : Fahimi et al: "Review of sensorless control methods in switched reluctance 

motor" 

D2: EP-A-1 225 686 

2 The claims, as far as they can be understood(see Article 6 PCT conciseness 
observation below), appear to lack either novelty or inventive step over the prior art in 
documents D1 and D2 above. The prior art of the search report and the originally 
filed description not cited here for this report would also appear to be significant in the 
inventive step evaluation of a claim which fulfilled the clarity (Article 6 PCT) and 
novelty requirements (Article 33(2) PCT). 

3 The general idea of measuring phase current and DC link voltage in order to estimate 
rotor position in a control algorithm for an SRM is already known from both D1 and 
D2. It would therefore appear that the present application could only arrive at an 
allowable claim by referring to the exact details of the implementation and in 
particular where the claimed implementation features differ from those of the prior art. 
In particular it is understood that the skilled person appreciates the close 
correspondence between the inductance, flux-linkage and reluctance models of the 
switched reluctance machine which are often used as equivalent alternatives when 
considering control strategies. It is also understood that the skilled person is aware 
that measured or predicted induced voltages in unexcited phases is important when 
the windings are to be used in rotor position sensing. 

3 1 It is well known that the rotor rotates in the opposite direction to the stator pole 
excitation and where each stator pole pair is excited the nearer rotor pole pair is 
pulled towards alignment using the well known alignment or reluctance torque. The 
skilled person is aware from the geometry of the SRM that the mutual inductance and 
therefore also reluctance varies between stator and rotor pole pairs as a function of 
rotor position. Thus the skilled person is also aware that in the normal operation o f 
an SRM there is a particular rotor position (i.e. a reference pole-pair-relative position) 
at which the active phase is switched off and the next phase is switched on and that 
this particular position corresponds to a particular flux-linkage between the active 
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stator pole pair and the nearest rotor pole pair being used to create torque (i.e. a 
reference pole-pair-relative flux linkage). Thus together with the D.C. link voltage and 
the phase current sensing which are known explicitly from D1 and D2 it would appear 
that the use of a reference pole-pair relative flux linkage is also implicitly known from 
D1 and D2. 

Thus independent claim 1 would appear to lack novelty (Article 33(2) PCT) over D1 
and D2. 

4 It would appear that the applicant intends to direct the subject matter of the 

application to the combination of improvements, namely an improved method of SRM 
control together with sensorless position detection in an SRM. It particular it is 
understood that the manner in which the estimated rotor position is corrected is 
considered to be the contribution to the prior art. An amended claim in this direction 
would appear to remove the lack of unity objection raised in paragraph VIII below. 

VIII Certain observations 

1 Independent claims 1 ,2,3,4,6,7,8,9,12,13 and 14 lack clarity and conciseness (Article 
6 PCT). 

2 The claims refer to an aligned rotor position. This is understood to refer to the 
reference frame of the active stator pole pair but this is not clear from the wording of 
the claims (Article 6 PCT). Thus it is understood to refer to the fact that a rotor pole 
pair is aligned with a stator pole pair in a SRM. 

3 The independent claims appear to lack unity (Rule 1 3 PCT) since claims which are 
directed towards the improvement of control of an SRM (i.e. claims 1 , 12) do not 
appear to contribute towards the solution of claims directed toward the estimation of 
rotor position in an SRM (the other independent claims namely claims 
2,3,4,6,7,8,9,13,14,). 

4 Claims which refer to PWM interrupt timing would have to make clear that it is a 
microprocessor program cycle timing which is being interrupted (Article 6 PCT) which 
is not clear at present. 
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5 Some of the claims refer to a "stoke angle" which is unclear (Article 6 PCT) 
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DESCRIPTION 



ImETHQD AND APPARATU3 FOR ESTIMATING ROTOR POSIT! 
SWITCHED RELUCTANCE MQIflll , AT 1 TP METHOD AND APPARATUS FOR 



CONTROL METHOD OF SWITCHED RELUCTANCE MOTOR AND APPARATUS 

CONTROLLED THEREBY 

s Technical field • 

■ 

j The present invention relates to the development 

.pf closed loop control techniques for switched reluctance- 
[motors (SRMs) without a shaft position sensor. 



i Background art 

1 A switched reluctance motor (SRM) is energized 

phase by phase in sequence to generate reluctance, torque 
land enable smooth motor rotation. A schematic diagram of a 
. three phase switched . reluctance motor is shown in Fig . 1 . 
;The number of strokes (N) in ■ SRM per one mechanical 
* revolution is dependent on the number of phases (M) and the 
; number of rotor -poles (P)' and is. given by, 
I N = M*P (1) . 

; Therefore/ the stroke angle (S) in mechanical 

.degrees is defined as, 

S = 360° / N (2).. 

When the number of poles is very large and the 
stroke angle is very small, the SRM is typically operated 
in open loop as a variable reluctance stepper motor ar*d 
needs no knowledge of rotor position information during 
running condition. On the other hand, when the number of 
poles is small- and the stroke angle is very large, the. SRM 
is generally", operated in closed loop during running 
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New claims 



1 . A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage ^ ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(c) comparing the calculated flux-linkage A ph with a reference flux- 
linkage A Tt the reference flux-linkage A T related to a reference angle 0 r which lies 
between angles corresponding to aligned rotor position and non-aligned rotor 
position in the motor; and 

(d) controlling a turn-off angle 0 O ff of each active phase and a turn-on 
angle 9 on of the next active phase, based on a timing at which the calculated flux : 
linkage A ? u becomes greater than the reference flux-linkage /» r . 

2. A control method of a switched reluctance motor comprising: 

(a) calculating an estimated rotor position 9 es \ by adding up an incre- 
mental rotor angle A9 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(c) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current I P h; 

(d) comparing the calculated flux-linkage A 9h with a reference flux- 
linkage A r$ the reference flux-linkage A x related to a reference angle 0 r which lies 
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between angles corresponding to aligned rotor position and non-aligned rotor 
position in the motor; 

(e) when the calculated flux-linkage A ph becomes greater than the 
reference flux-linkage A T during the active conduction of a phase, performing once 
the following procedures including, 

(aO determining estimated rotor position information 0cai which 
is set at the reference angle 9 r related to the flux-linkage 
A r , or 

(a 2 ) determining estimated rotor position information 0cai from 
the flux-linkage A& by using either one of a predetermined 
flux-linkage model or inductance model, or 

(a 3 ) determining estimated rotor position information 9ca\ by 
adding a correction angle <P to the reference angle 9 T re- 
lated to the flux-linkage A r \ and 

(b) calculating an absolute rotor position 0abs by adding the 
estimated rotor position information 0 ca i to a stoke angle of 
the motor, and 

(c) determining and updating the incremental rotor angle AG 
by processing an error between the absolute rotor position 
0abs and the estimated rotor position 0 es t through either one 
of a proportional-integral control and a proportional control; 
and 

(f) controlling a turn-off angle 9 0 n of each active phase and a turn-on 
angle 0 on of the next active phase based on the estimated rotor position 0 est . 

3. A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(c) comparing the calculated flux-linkage A ph with a reference flux- 
linkage A ft the reference flux-linkage A T related to a reference angle 0 r which lies 
between angles corresponding to aligned rotor position and non-aligned rotor 
position in the motor; 
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(d) when the calculated flux-linkage Ap* becomes greater than the 
reference flux-linkage A r during the active conduction of a phase, performing once 
the following procedures including, 

(a) determining estimated rotor position information 0cai which is 
set at the reference angle 9 r related to the flux-linkage A r ; 

(b) calculating and updating an incremental rotor angle A8 by 
using an elapsed time from the instant at which the estimated rotor position in- 
formation 0cai in the previous cycle is determined; and 

(e) -controlling a turn-off angle 0 off of each active phase and a turn-on 
angle 9 on of the next phase, based on the incremental rotor angle AG, and the 
turn-off delay and turn-on delay relating to the reference angle 0 r . 

4. A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph r 

(c) comparing the calculated flux-linkage A ph with a reference flux- 
linkage A n the reference flux-linkage A r related to a reference angle 9 K which lies 
between angles corresponding to aligned rotor position and non-aligned rotor 
position in the motor; 

(d) when the calculated flux-linkage /» ph becomes greater than the 
reference flux-linkage A T during the active conduction of a phase, performing once 
the following procedures including, 

(aO determining estimated rotor position information 9 ca i from 
the flux-linkage A ph by using either one of a predetermined 
flux-linkage model and inductance model, or 

(a2) determining estimated rotor position information 9^ by 
adding a correction angle <t> to the reference angle 9 r re- 
lated to the flux-linkage A r ; and 

(b) calculating and updating an incremental rotor angle A0 by 
using an elapsed time from the instant at which the esti- 
mated rotor position information 0 C ai in the previous cycle is 
determined; and 
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(c) correcting a turn-on delay and a turn-off delay which are 
related to the reference angle 0 r based on the estimated 
rotor position information 0 ca i; and 
(e) controlling a turn-off angle 9 Q n of each active phase and a turn-on 
angle 9 on of the next phase, based on the incremental rotor angle A8, and the 
corrected turn-off and turn-on delays. 

5. The control method according to any one of claims 1 to 4 f wherein the 
reference flux-linkage A t is expressed by a polynomial in the phase current l ph . 

6. A control method of a switched reluctance motor comprising: 

(a) calculating an estimated rotor position 0 es t by adding up an incre- 
mental rotor angle A0 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current l ph ; 

. (c) calculating a flux-linkage A ptl of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(d) comparing the calculated flux-linkage A 9h with a plurality of refer- 
ence flux-linkages A m (n=1,..,k), each of the reference flux-linkages A m (n=1,..,k) 
related to each of reference angles 9 m (n=1,..,k) which lie between angles corre- 
sponding to aligned rotor position and non-aligned rotor position in the motor; 

(e) each time the calculated flux-linkage A^ becomes greater than 
each of the reference flux-linkages A m during the active conduction of a phase, 
performing once the following procedures including, 

(aO determining estimated rotor position information 0 caln 
(n=1,..,k) which is set at the reference angle 9 m related to 
the flux-linkages A m , or 

(a 2 ) determining estimated rotor position information 0^ 
(n=1,..,k) from the flux-linkage A ph by using either one of a 
predetermined flux-linkage model or inductance model, or 

(a 3 ) determining estimated rotor position information 

(n=1,..,k) by adding a correction angle <p to the reference 
angle 0 rn related to the flux-linkages A m \ and 
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(b) calculating an absolute rotor position 0 abs by adding the 
estimated rotor position information 6ca\ n to a stoke angle of 
the motor, and 

(c) determining and updating the incremental rotor angle AG 
by processing an error between the absolute rotor position 
0 abs and the estimated rotor position 9 es \ through either one 
of a proportional-integral control and a proportional control; 
and 

(f) controlling a turn-off angle 0 O fr of each active phase and a turn-on 
angle 0 on of the next active phase based on the estimated rotor position 9 esX - 

7. . A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(c) comparing the calculated flux-linkage A ph with a plurality of refer- 
ence flux-linkages A r (n=1,..,k) t each of the reference flux-linkages A r (n=1,..,k) 
related to each of reference angles 9 X (n=1,..,k) which lie between angles corre- 
sponding to aligned rotor position and non-aligned rotor position in the motor; 

(d) each time the calculated flux-linkage A 9h becomes greater than 
each of the reference flux-linkages A m during the active conduction of a phase, 
performing once the following procedures including, 

(a) determining estimated rotor position information fleam 
(n=1 ,..,k) which is set at the reference angle 0 m related to the flux-linkages A m ; 

(b) calculating and updating an incremental rotor angle A8 n 
(n=1,..,k) by using an elapsed time from the instant at which the estimated rotor 
position information 0 ca in in the previous cycle is determined; 

(c) when the calculated flux-linkage A ph becomes greater than 
the maximum reference flux-linkage A* t averaging the incremental rotor angles 
A6 n (n=1,.. t k) to determine and update an incremental rotor angle AG; and 

(e) controlling a turn-off angle 9 0 n of each active phase and a turn-on 
angle 9 on of the next phase, based on the incremental rotor angle AG, and turn-off 
delay and turn-on delay related to the reference angle 9 m (n=1,..,k). 
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8. A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(c) comparing the calculated flux-linkage /1 ph with a plurality of refer- 
ence flux-linkages A m (n=1,..,k), each of the reference flux-linkages A m related to 
each of reference angles 0 m (n=1,..,k) which lie between angles corresponding to 
aligned rotor position and non-aligned rotor position in the motor; 

(d) . each time the calculated flux-linkage A ph becomes greater than 
each of the reference flux-linkages A m during the active conduction of a phase, 
performing once the following procedures including, 

(a) determining estimated rotor position information 0^ n 
(n=1 f ..,k) from the flux-linkage A 9h by using either one of a predetermined flux- 
linkage model and inductance model, 

(b) calculating and updating an incremental rotor angle A0 by 
using an elapsed time from the instant at which the estimated rotor position in- 
formation 0 ca in in the previous cycle is determined, 

(c) when the calculated flux-linkage A 9h becomes greater than 
the maximum reference flux-linkage /t rk , averaging the incremental rotor angles 
A8 n (n=1,..,k) to determine and update an incremental rotor angle A9, and 

(d) correcting a turn-on delay and turn-off delay which are re- 
lated to the reference flux-linkages A mt based on the estimated rotor position in- 
formation 0cai n ; and 

(e) controlling a turn-off angle 0 O ff of each active phase and a turn-on 
angle 6 0n of the next phase, based on the incremental rotor angle A9. and the 
corrected turn-off and turn-on delays. 



9. A control method of a switched reluctance motor comprising: 

(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(b) calculating a flux-linkage A ph of an active phase from the sensed 
d.c.-link voltage V dc and the sensed phase current l ph ; 

(c) comparing the calculated flux-linkage A ph with a plurality of refer- 
ence flux-linkages A m (n=1 t ..,k), each of the reference flux-linkage A m (n=1 l ..,k) 
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related to each of reference angles 0 m (n=1,..,k) which lie between angles corre- 
sponding to aligned rotor position and non-aligned rotor position in the motor; 

(d) each time the calculated flux-linkage A ph becomes greater than 
each of the reference flux-linkages A m during the active conduction of a phase, 
performing once the following procedures including, 

(a) determining estimated rotor position information e^ n 
(n=1,..,k) by adding a correction angle <p to the reference angle 0 m related to the 
reference flux-linkages A m , 

, (b) calculating an incremental rotor angle A6 n (n=1,..,k) by using 
an elapsed time from the instant at which the estimated rotor position information 
0cain in the previous cycle is determined, and 

(c) when the calculated flux-linkage A P h becomes, greater than 
the maximum reference flux-linkage A*, averaging the incremental rotor angles 
A8 n (n=1,..,k) to determine and update an incremental rotor angle AG; 

(e) controlling a turn-off angle 0 Q n of each active phase and a turn-on 
angle 9 on of the next phase, based on the incremental rotor angle AG, and a turn- 
off delay and a tum-on delay which are determined according to the reference 
angle 0 m . 

10. The control method according to any one of claims 6 to 9, wherein the 
reference flux-linkage A rn (n=1,..,k) is expressed by a polynomial in the phase 
current l ph . 

11. The control method according to claim 2, 4, 6 or 9, wherein the cor- 
rection angle 0 is calculated based on a variation AA ph of the calculated flux- 
linkage /lph and the phase current l ph . 

12. A control method of a switched reluctance motor comprising: 

(a) calculating an estimated rotor position 0 es t by adding up an incre- 
mental rotor angle AG every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current l ph ; 

(c) calculating an estimated current l s from the sensed d.c.-link volt- 
age V dCl the sensed phase current l ph , and a value completely or approximately 
equal to the minimum value of a motor inductance; 
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(d) comparing the sensed phase current l ph with the estimated current 

U; and 

(e) controlling a turn-off angle 0 O ff of each active phase and a turn-on 
angle 0 on of the next active phase, based on a timing when an error between the 
sensed phase current l ph and the estimated current l s becomes equal to or less 
than a predetermined value. 

13. A control method of a switched reluctance motor comprising: 

(a) , calculating an estimated rotor position 0 es t by adding up an incre- 
mental rotor angle A9 every predetermined control period; 

(b) sensing a d.c.-link voltage V dc and a phase current l P h; 

(c) calculating an estimated current l s from the sensed .d.c.-link volt- 
age V dc> the sensed phase current l phf and a value completely or approximately 
equal to the minimum value of a motor inductance; 

(d) comparing the sensed phase current l ph with the estimated current 

i s ; 

(e) when an error between the sensed phase current l ph and the esti- 
mated current l s becomes equal to or less than a predetermined value, perform- 
ing once the following procedures including, 

(a) determining a rotor position 0 app which is related to the esti- 
mated current l s in advance, 

(b) calculating an absolute rotor position 0 a bs by adding the rotor 
position 0 apP to a stoke angle of the motor, and 

(c) determining and updating the incremental rotor angle AG by 
processing an error between the absolute rotor position 0 abs and the estimated 
rotor position Sest through either one of a proportional-integral control and a pro- 
portional control; and 

(f) controlling a turn-off angle 0 O ff of each active phase and a turn-on 
angle 0 on of the next active phase, based on the estimated rotor position 0 es t. 

14. A control method of a switched reluctance motor comprising: 
(a) sensing a d.c.-link voltage V dc and a phase current l ph ; 
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(b) calculating an estimated current l s from the sensed d.c.-link volt- 
age V dc . the sensed phase current l ph , and a value completely or approximately 
equal to the minimum value of the motor inductance; 

(c) comparing the sensed phase current l ph with the estimated current 

U; 

(d) when an error between the sensed phase current l ph and the esti- 
mated current l s becomes equal to or less than a predetermined value, perform- 
ing once the following procedures including, 

- (a) determining a rotor position 0 apP which is related to the esti- 
mated current l s in advance; 

(b) calculating and updating an incremental rotor angle AG by 
using an elapsed time from the instant at which the rotor position 0 app in the pre- 
vious cycle is determined; and 

(e) controlling a turn-off angle 0 O ff of each active phase and a turn-on 
angle 0 on of the next active phase, based on the incremental rotor angle A9, and 
a turn-off delay and a turn-on delay which are related to the rotor position 0 app . 

15. The control method according to any one of claims 2 to 4, 6 to 9, 13 
and 14, further comprising correcting the turn-off angle 9 0ff of each active phase 
and the turn-on angle 9 on of the next active phase, based on a motor speed uj 
calculated from the incremental rotor angle A9, and a torque command calcu- 
lated based on an error between the motor speed uj and a speed command pro- 
vided externally. 

16. The control method according to any one of claims 1 to 4, 6 to 9, and 
12 to 14, further comprising detecting a peak of the phase current l ph and a rate 
of decrease in the phase current l ph , and correcting the turn-on angle 0 on of the 
next active phase so that the detected peak and rate of decrease are predeter- 
mined values, respectively. 

17. The control method according to any one of claims 1 to 4, 6 to 9, and 
12 to 14, further comprising detecting a phase difference between a peak of the 
phase current l ph and the calculated flux linkage A pht and correcting the turn-on 
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angle 9 on of the next active phase so that the detected phase difference is a pre- 
determined value. 

18. An apparatus which is controlled in the method according to any one 
of claims 1 to 4, 6 to 9, 12 to 14. 

19. An apparatus comprising a compressor which is controlled in the 
method according to any one of claims 1 to 4, 6 to 9, 12 to 14. 

20. The apparatus according to. claim 19 which is an air conditioner. 
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